Depending on the method of preparation, osmium tetrachloride may be obtained in two different crystalline modifications, namely the high-temperature and the low-temperature forms. Both these species have been identified by elemental analysis and characterised by their respective x-ray powder photographs and magnetic susceptibilities. The x-ray powder data of the high-temperature form are tentatively rationalized in terms of an orthorhombic unit cell with the following dimen sions: a -12.08 Ä, b = 11.96 A and c = 11.68 Ä. From the x-ray powder digram of the lowtemperature form the cubic lattice constant a = 9.95 A is deduced. Reflection conditions for hkl and hOO are indicative of the space groups 06(P4332) and 07(P 4!32). Both compounds are para magnetic and display low magnetic susceptibilities as a consequence of strong spin-orbit coupling. The high-temperature form exhibits the temperature-independent magnetic susceptibility £mole = + 1080 x 10~6 e.g.s. units, whereas for the low-temperature form the value is £ m o l e = + 8 8 0 x 1 0~6 c.g.s. units (at 300 °K ). The latter susceptibility is temperature dependent. Some regularities be tween the uptake of chlorine by second-and third-row transition metals and the first ionization potential of the metals involved are discussed.
Octahedrally co-ordinated osm ium (IV ) com ple xes with chlorine atoms as ligands are of theoretical interest, largely as a result of their magnetic be haviour. Hence numerous studies on this class of substances have been reported in the last few years, dealing not only with bulk magnetic susceptibili ties 2:l_d but covering the main features of the re spective electronic 3a~b, vibrational4 and nuclear quadrupole resonance spectra 5. Since no such data have yet become available for osmium tetrachloride itself, some results relevant to this chloride w ill be presented in this paper, thus supplementing earlier investigations 6a_e of noble metal halides.
Up to the present time, OsCl4 has been synthesized from its elements "~9, this product being the hightemperature form. The 57 [1965] .
Results of x-ray powder diffractometry
The two modifications of OsCl4 differ in their 10 x-ray powder patterns. The B r a g g angles # of the high-temperature form as prepared from 0 s 0 4 and 5 CCli are shown in More structural information is available on the low-temperature form. Specifically, the x-ray data given in table II yielded the cubic lattice constant a = 9.95 Ä. On the basis of the recorded x-ray pow der pattern the conditions for reflection were ob served to be: h k l : no conditions hOO: h = 4 n . These reflection conditions 12 are indicative of the space groups O6 (P 4332) and O' (P 4 * 3 2 ).
Results of the magnetic measurements
Both forms of OsCl4 are paramagnetic. Their molar susceptibilities at 300 °K , corrected for the diamagnetism of the lig a n d s13, are + 1080 X 1 0~6 e.g.s. units for the high-temperature form and + 8 8 0 x 1 0 -6 e.g. s. units for the low-temperature form. These values correspond to effective magnetic moments of 1.6 and 1.4 B.M. respectively. According to the data in table III, the paramagnetic susceptibi lity of the high-temperature form is temperatureindependent, whereas the susceptibility of the lowtemperature form varies with temperature: In this contect it should be mentioned that after the communication of our data in 1967 1, COLTON and F a r t h i n g 14 published in 1968 magnetic data of the low-temperature form which differ from the values presented in table III.
In order to supplement the results of the bulk susceptibility measurements, EPR-spectroscopy was used in an attempt to investigate the high-tempera ture form in the solid state. However, no EPR-signal could be observed in the x-band region, either at 3 0 0 °K or at 83 °K .
Discussion of the magnetic results
Os4® is characterised by the electron configura tion 5d 4, the 5d-orbitals being five fold degenerate in the free metal ion. However, in the solid state, the Os40 ions of the crystalline compounds OsCl4 are subjected to the inflence of an electrostatic field ori Not only spin-orbit coupling but also strong magnetic interactions between adjacent Os4® ions account for the reduced magnetic moment of 1.4 B.M. The latter effect has already been dem on strated18 in salts containing the anion OsCl62® as a dope in a suitable diamagnetic host lattice. As a result of this dispersion in a diamagnetic matrix, the distances between neighbouring Os4® ions be come greater than in the undiluted osmium (IV ) com plex. Consequently, magnetic exchange interactions become less important and because of this, the ma gnetic moment of Os4® is greater than in the pure material. A similar phenomenon can be observed in the case of the OsCl4-modifications.
As for question II, the dependence of the molar susceptibility of the low-temperature form upon tem perature is taken as evidence of strong intermediate magnetic coupling effects which account for the lower susceptibility of this m odification. Conversely, the enlarged lattice dimensions of the high-temperature form are paralleled by an increased magnetic moment and by analogy with the doping experi ment 18, this behaviour is interpreted in terms of reduced magnetic interactions between Os4® ions which are now separated from each other by greater interatomic distances.
As has been noted previously 19 for osmium (IV) complexes, the negative results of the EPR-measurements on OsCl4 may be due to magnetic interactions causing lines which are too broad to be detected (spin-spin broadening).
Some remarks on a correlation between the different uptake of chlorine by transition metals and the first ionization potential of the metals involved
Until now no higher osmium chloride than OsCI4 has been found to exist at 300 "K. Even the reac tion of 0 s 0 4 with CC14 yielded only OsCl4 , although this type of reaction is known to produce metal chlorides with the metal in its highest valence state 20. In this respect osmium differs sharply from rhenium which exists at 3 0 0 °K as pentachloride and even as hexachloride 21.
It is the aim of this concluding paragraph to point out that the different uptake of chlorine by these two metals can be rationalized by consideration of their first ionization potentials. Indeed, it is grati fying to see that the ability of rhenium to exist at 3 0 0 °K as a hexachloride 21 is paralleled by a lower first ionization potential (7 .8 7 e v )22 than that of osmium, whose first ionization potential 23 is 8.7 ev. This higher value is presumably the lim iting factor which prevents the existence of osmium chlorides higher than OsCl4 (at 300 °K ) . It can be seen on fig. 2 and fig. 3 that the metals existing at 300 UK as high valence-state chlorides are characterised without exception by lowest ioniza tion potentials and vice versa. This simple rule ac counts also for the ability of platinum to exist as tetrachloride at 300 °K.
Although there is no theoretical basis for cor relating the abilities of these transition metals to exist as chlorides at 300 °K in which the form al valence of the m etal varies between + 3 and + 6, w ith the first ionization potential of the m etal, the plots have certainly an em pirical value w hatever their real significance may be. In the absence of any other in form ation than the values of the first ioniza tion potentials, it is im possible at the m om ent to be m ore precise. H ow ever, the good fit suggests that the variatio n of the first ionization potential in each row parallels to a certain degree the v ariatio n of the h ig h er ionization potentials, which themselves are not available. By this p ro ced u re the d istrib u tio n of the hexachlorides am ong tran sitio n m etals as p re sented in figs. 2 and 3 m ay be justified. W hether or not this sam e relatio n sh ip holds for brom ides and iodides of tran sitio n m etals and also fo r actinide halides, can not be decided conclusively w ithout m ore experim ental data on these classes of com pounds.
Experim ental section a) General description of the preparative methods applied
The blade high-temperature form of OsCl4 , usually synthesized from its elements 7-9, is also obtained by reacting 0 s 0 4 with CC14 at 743 °K in a sealed glass tube. CC14 , heated to 743 °K, acts as a powerful chlorinating agent, and is aided in this respect by the high pressure generated. This reaction apparently in volves transport phenom ena30 since the OsCl4 is en tirely deposited at the colder end of the reaction vessel which is subjected to a small tem perature gradient (the difference in tem perature between the two ends in volved is approximately 7 0°). The reaction of 0 s 0 4 with CC14 can be formulated as: 
As demonstrated by x-ray diffractometry and by magnetic measurements, a new, analytically well-defined dark brown crystal modification (low-temperature form) of OsCl4 is formed by heating, under reflux, a solution of 0 s 0 4 in SOCl2: 0 s 0 4 + 4 S0C12 353 -OsCl4 + 4 S 0 2 + 2 Cl2 .
Although the strong chlorinating p ro p erties31 of S0C12 have been recognized, reaction (3), which leads to OsCl4 , has never previously been exploited. b) Preparation of the high-temperature form of OsCl4 500 mg. of 0 s 0 4 wras dissolved in 11 ml. of dry CC14 which was saturated at 300 °K wT ith dry, oxygen-free chlorine gas immediately before use. This solution, sealed in a thick-walled glass tube of 30 cm. in length and 1 cm. in diameter, was heated in a 1 meter furnace to 743 °K for 24 hours. The initial reaction temperature of 743 K w'as then lowered to 653 CK and was main tained there for further 48 hours. At the end of this period heating wras stopped and the furnace wT as al-31 H . H e c h t , G. J a n d e r , and H . S c h l a p m a n n , Z. anorg. allg.
Chem. 254. 255 [1947],
lowed to cool down to 300 K. A black sublimate was deposited at the cooler end of the sealed glass tube. The tube was opened and the sublimate was heated in vacuo at 323 °K fo w h re e hours to remove excess of CC14 . c) Preparation of the low-temperature form of OsClx 500 mg. of 0 s 0 4 , dissolved in 75 ml. freshly distil led SOCl2 , was heated under reflux for 12 hours at 353 UK. Precautions were observed to prevent access of moist air, including the passage of dry nitrogen gas through the reaction vessel. W ithin 12 hours of reaction time under the experimental conditions specified, a dark brown precipitate was formed the purification of which was carried out in a glove box. Specifically, the excess of SOCl2 was decanted from the precipitate. The residue was then washed several times with petroleum ether to remove excess of SOCl2 . This sample was finally heated at 373 "K in vacuo for three hours be fore being analysed.
C o l t o n and F a r t h i n g 14 modified later this proce dure 1 by leaving a solution of 0 s 0 4 in SOCl2 for one week at 300 °K.
d) Elemental analysis
In order to estimate both the osmium and the chlo rine content of the reaction products isolated, the spe cimens were reduced to osmium metal in a current of dry hydrogen gas at 573 °K for 8 hours. The tempera ture was raised gradually from 300 °K to 573 °K in order to prevent loss of OsCl4 by sublimation. Finally the tem perature was raised to 773 °K for 2 hours to complete the reaction. The amount of hydrogen chloride evolved as a result of the quantitative reduction of OsCl4 was absorbed in solutions of N aO H (2 N ). To displace all the hydrogen chloride released, the system was flushed with nitrogen gas at 300 °K. The chlorine content was estimated gravimetrically by precipitation as AgCl. The weight of the residue left over in the por celain boat was used to estimate the content of osmium in OsCl4 . The residue was identified by x-ray diffracto metry to be pure osmium metal. An elemental analysis of the high-temperature form gave the following result: % Os % Cl Experimental:
57.5 42.6 Theoretical:
57.27 42.73
An elemental analysis of the low-temperature form yielded:
% Os % Cl 57.4 42.8
e) x-ray powder photographs
These were obtained at 300 °K using nickel-filtered Cu-Ka radiation and two Debye-Scherrer came ras of 5.73 and 11.48 cm. diameters. The samples were contained in 0.5 mm. Lindemann glass capillary tubes. The line intensities, I, were estimated visually on a 10 point scale.
f) Magnetic measurements
The magnetic susceptibilities were measured by the Gouy method with magnetic fields up to 10000 Oerstedts. The samples were finely powdered and care fully packed in one half of the tube. The tube was eva cuated and appropriate corrections were made for its diamagnetism. None of the compounds had a field de pendent susceptibility beyond experimental error. The complex H g[C o(SC N )4] was used to ca lib rate32 the magnetic field.
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